Contagious animal diseases like foot-and-mouth disease (FMD) are often referred to as economic diseases because of the magnitude of economic harm they can cause to producers and to local communities. This study demonstrates the local economic impact of a hypothetical FMD outbreak in southwest Kansas, an area with high density of cattle feeding. The expected (most probable) economic impact of the disease hinges heavily on where the incidence of the disease occurs. If the disease were to occur in a cow-calf herd in the region economic impact is expected to be relatively small compared to if it were introduced simultaneously in five large feedlots in southwest Kansas. Disease surveillance, management strategies, mitigation investment, and overall diligence clearly need to be much greater in concentrated cattle feeding and processing areas at the large feeding operations in the region.
Subsequent epidemiological analysis determined that at least 57 premises were infected by the time the first case was identified (Scudamore, 2002) . By September 30, 2001 when the outbreak was eradicated, 221 days later, 2,026 cases of FMD had been confirmed; over six million animals were destroyed and the disease spread to Ireland, France, and the Netherlands. Thompson et al. (2002) estimated losses from FMD in the UK at £5.8 to £6.3 billion ($10.7 to $11.7 billion U.S.). This FMD outbreak in the United Kingdom demonstrates the need to understand probable economic impacts of a highly contagious disease to develop effective public policy.
The objective of this research is to determine the economic implications of a hypothetical FMD outbreak in a specific local region in Southwest Kansas under three different disease introduction scenarios. These scenarios include disease introduction at a single cow-calf operation, introduction at a single medium-sized feedlot (feedlot with between 10,000-30,000 head of cattle one-time feeding capacity), and introduction simultaneously at five large feedlots (feedlots with greater than 40,000 head one-time feeding capacity). The first two scenarios would be indicative of a likely small-scale outbreak (though there is some probability of the outbreak being large). Whereas, the latter scenario represents what could characterize a purposeful simultaneous introduction of the disease and would have a much greater probability of a larger outbreak.
An epidemiological disease spread model is used to determine the probable spread of a hypothetical FMD outbreak in southwest Kansas, an area selected because of its relatively high concentration of large cattle feeding operations as well as other livestock enterprises and a large beef processing presence. Results from the disease spread model are integrated into an economic framework to determine the regional economic impacts. Results from this study can be used to assess what economic impacts would be if such an event occurred in a local region and in implementing future invasive species and foreign animal disease management policies.
Overview of Foot-and-Mouth Disease
Foot-and-Mouth Disease (FMD) is a highly contagious viral disease of clovenhoofed domestic and wild animals, such as cattle, bison, pigs, sheep, goats, and deer.
Because FMD is highly contagious, it is arguably one of the most important livestock diseases in terms of economic impact throughout the world.
The FMD virus is hearty in that it can survive for long periods in uncooked processed meats, frozen products (i.e., semen, meat, and bones), milk and dairy products (even when pasteurized), and fomites (i.e., clothing, shoes, hides, etc.) and over a broad range of climates and regions. Such regions that have recently battled FMD range from arid regions in Africa (such as Botswana) to tropical regions in South America (such as Brazil). FMD is currently present in parts of South America, Europe, Asia, and Africa.
In the U.S., FMD was first discovered in 1870. Since the initial outbreak, there have been eight additional outbreaks with the last being a mild epidemic in California in 1929.
In 1914, the U.S. had its most devastating FMD outbreak, which began in Michigan and spread to the Chicago stockyards by 1915. Overall, FMD had spread to 22 states and 172,000 cattle, hogs, sheep, and goats were destroyed during the eradication program (McCauley, et al., 1979) .
Transmission of the virus primarily occurs via direct or indirect contact, animate vectors (e.g., humans), inanimate vectors (e.g., vehicles), and air (over land or across bodies of water. Animals exposed to the virus will typically develop signs of FMD within two to five days. FMD is typically not fatal in livestock, though mortality in animals less than one year of age is significantly more probable. The main impact of FMD on infected livestock is reduced productivity.
If FMD is discovered, aggressive quarantines, substantial restrictions on animal movement, and stamping-out of exposed animals are strategies enacted to attempt to rapidly arrest and eradicate the disease. Furthermore, vaccination strategies may be employed in addition to intensive disinfection programs to try to contain the disease.
Depending upon the expected economic impact of the disease, the type of emergency response and disease management strategy may differ. That is, if economic impacts of the incidence of the disease differ substantially, the optimum management strategy may differ depending upon where the disease might occur even within the same region. The point is that we must understand the probable economic impact of the disease by different scenarios of introduction to help assure that the costs associated with disease mitigation, if it is discovered do not further contribute to the likely adverse economic costs of the disease outbreak.
The Office International des Epizooties (OIE), the most widely accepted world animal health organization, ensures transparency on the global incidence of animal diseases. Because of the highly contagious nature and large economic impact of FMD throughout the world, "FMD is the first disease on the OIE List A and was the first disease for which the OIE established an official list of free countries and zones" (OIE website). A country having FMD-free status has an enormous trade advantage.
Countries that are FMD-free, as designated by the OIE, can restrict meat imports from countries that are not FMD-free, with trade limited to certain types of meat (e.g., processed meat). Several recent studies including Lee, Setizinger, and Paarlberg (2006) , Pendell (2006) , and Reeves et al., (2006) have used the NAADSM to analyze impacts of FMD outbreaks.
Methodology

Epidemiological Analysis
The NAADSM is a spatial, stochastic, state-transition simulation model that simulates animal disease spread. The NAADSM is a flexible tool that allows for simulating temporal and spatial spread of FMD at the herd level .
This study evaluates contagious animal disease spread for three different introductions of a hypothetical FMD outbreak: 1) introduction at a cow-calf herd, 2) introduction in a medium-sized feedlot, and 3) introduction at five large feedlots. In the five large feedlots scenario, FMD is hypothetically introduced simultaneously in five large feedlots in southwest Kansas. Such a scenario might represent the case where FMD is intentionally introduced. In the other two scenarios, one cow-calf herd and one medium-sized feedlot, the index case (i.e., initial case) is hypothetically introduced in one randomly chosen cow-calf herd and one randomly chosen medium-sized feedlot herd in southwest Kansas. For each scenario, the NAADSM model is simulated with 1,000
iterations creating a distribution of probable disease spreads and durations. We use the expected value from these simulations for each scenario in our economic models.
Southwest Kansas was selected as the study area because it is one of the most intensively populated beef cattle feeding and beef processing regions in the nation. As a result, the local economy in this area is highly dependent on the industry which amplifies the importance of the economic impact of such a disease outbreak. In early 2005, of the 6.6 million head of cattle in Kansas, 2 million head were located in the 14-county geographic area analyzed in this study (USDA, NASS). Environment, 2006) . In the epidemiological model used in this study, FMD that might jump outside of the 14-county southwest Kansas area being studied is censored. Despite quarantines and other disease management controls, the disease would have a probability of jumping outside of the southwest Kansas area. However, our economic impact analysis is focused on the local area where we know specific details about operation type, size, and location and can thus identify with the actual number of animals and operations likely to be affected if FMD occurred. As such we can better determine local economic impacts by focusing on a single region.
A FMD outbreak in Kansas coupled with Kansas's emergency guidelines and policies would affect Kansas producers differently than producers outside the state.
Therefore, this study presents the economic framework by separating Kansas producers from the rest of U.S. producers. The results from the animal disease spread model, including total number of fed cattle, feeder cattle, dairy cattle, and market hogs that would need to be destroyed to contain the disease, are integrated into an economic framework.
Economic Analysis
Economic analyses play a crucial role in assessing alternative policies regarding management of potential contagious animal diseases. Models that integrate epidemiology and economics are gaining prevalence in the literature. Rich, Miller, and Winter-Nelson (2005) present an overview of five types of economic models used in conjunction with epidemiological modeling. These five types of economic models include: i) benefit-cost analysis; ii) linear programming; iii) input-output; iv) partial equilibrium analysis; and v) computable general equilibrium.
This study employs both partial equilibrium analysis and input-output approaches.
There are several studies that have used a partial equilibrium analysis. Berentsen, Dijkhuizen, and Oskam (1992) and Mangen, Burell, and Mourits (2004) which used single-sector models to examine alternate FMD control measures in the Netherlands.
Paarlberg, Lee, and Seitzinger (2002) modeled the U.S. agricultural sector with three market levels to quantify the economic impacts of a FMD outbreak in the U.S. Schoenbaum and Disney (2003) used a multi-sector model to compute welfare impacts of alternate FMD control scenarios in the U.S.
Input-Output (I-O) methods are another popular economic tool used in modeling animal disease outbreaks. Three studies that have used the I-O framework to examine FMD outbreaks in Australia, California, and France are by Garner and Lack (1995) , Ekboir (1999) , and Mahul and Durand (2000) , respectively. Caskie, Davis, and Moss (1999) analyzed impacts of BSE in Northern Ireland using I-O models.
Partial Equilibrium Analysis
The structural model used in this study develops a set of supply and demand equations that provides horizontal and vertical linkages between different marketing levels. The model permits variable input proportions by using quantity transmission elasticities that allow for variable input proportions (Brester, Marsh, and Atwood, 2004 ).
This structural model of the U.S. beef, pork, and poultry industries consists of four marketing levels for beef within the farm-retail marketing chain, three marketing levels for pork, and two levels for poultry. The four marketing levels within the beef sector that are modeled are retail, wholesale (beef processors), slaughter (fed cattle), and farm (cow-calf). Because the pork industry is more vertically integrated compared to the beef industry, there are only three marketing levels within the pork sector (i.e., retail, wholesale, and slaughter). The poultry marketing chain is highly integrated and has only two marketing levels, retail and wholesale.
Because one of the main issues surrounding FMD is the United States ability to trade with other countries, trade of beef at the farm, slaughter, and wholesale-levels and of pork at the slaughter and wholesale-levels is also incorporated into the structural model. Additionally, an outbreak in Kansas would halt all animal movement in and out and within the State. This animal movement ban and border closing is also incorporated into the structural model by disaggregating Kansas from the rest of the United States.
The basic structure of the model is presented in the Appendix. Details of the model are presented in (Pendell, 2006) .
A frequently used tool to estimate impacts of exogenous shocks to markets is the equilibrium displacement model (EDM). An EDM is a linear approximation to unknown supply and demand functions. The magnitude of deviations from the initial equilibrium and the degree of non-linearity of true supply and demand functions will determine the model's accuracy. If deviations from initial equilibrium are relatively small, then the linear approximation of the unknown supply and demand curves are a relatively accurate measure of the true supply and demand functions (Wohlgenant, 1993) . Welfare measures from the equilibrium displacement model are incorporated into the input-output analysis to estimate the regional economic impact.
Input-Output Analysis
The input-output (I-O) model constructed for this analysis is a multiregional model (Miller and Blair, 1985; Miller, 1998) . Given the concentration of cattle production and processing in the southwest Kansas region, much of near-term impact will be concentrated within the region. However, the overall control strategy will affect the entire state of Kansas as livestock will not be permitted to move in either direction across state borders.
The I-O construction followed procedures generally employed in standard coreperiphery models (e.g., Holland and Hughes, 1992; Kilkenny, 1993 Kilkenny, , 1995 Kilkenny and Rose, 1995; Holland, Weber and Waters, 1996) . With the regions specified as the 14-county southwestern Kansas economy, and the 91-county rest of Kansas economy, separate I-O models were built for each region plus the combined region using the IMPLAN modeling system (MIG, 1999) . One general enhancement incorporated into this research was the use of IMPLAN's new national trade flow model (Lindall, Olson and Alward, 2005) to estimate the multiregional trade flows in this fully-developed social accounting matrix (SAM) framework.
Formally, the derivation of the model follows the I-O balance equation given by:
(1) ,
where X is a matrix of inter-industry (including households) and inter-regional (domestic trade) transactions. The X matrix consists of four principal sub-matrices denoted by subscripts i and j referring to regions 1 and 2, respectively. Sub-matrices X 11 and X 22 on the main diagonal represent intra-regional inter-industry transactions while off-diagonal sub-matrices X 12 and X 21 represent inter-regional trade transactions. Each sub-matrix consists of m + n + o rows and columns where m is the number of industries, n is the number of factor sectors, and o is the number of household sectors. The row and column dimensions of the X matrix are 2
The y is a vector of final demand (government consumption, investment, foreign exports) transactions. The y vector consists of two principal sub-vectors denoted by subscripts i and j referring to regions 1 and 2, respectively. Sub-vector y 1 consists of final demand transactions for region 1 while sub-vector y 2 consists of final demand transactions for region 2. The row dimension for each sub-vector is as denoted for matrix X. The row dimension for vector y is
The x is a vector of total outlays (industry outlays, factor outlays, household outlays). The x vector consists of two principal sub-vectors denoted by subscripts i and j referring to regions 1 and 2, respectively. Sub-vector x 1 consists of total outlays for region 1 while sub-vector x 2 consists of total outlays for region 2. The row dimension for each sub-vector is as denoted for matrix X. The row dimension for vector x is .
Assuming inputs are proportional to total outlays, a direct requirements matrix A can be derived:
where is a diagonal matrix formed from the x vector denoted above. Elements are the reciprocal of the total outlay transactions of vector x. A is the matrix of input coefficients, i.e., "direct coefficients," denoting the proportion of input per unit of total outlay. Matrix A has the same dimensions as matrix X. 
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Where I is the identity matrix and is the multiregional multiplier matrix and exogenous changes are introduced through a vector represented by y. Figure 1 , the cumulative expected number of animals that would be Mean estimates for changes in producer surplus associated with the different scenarios at each market level are presented in Table 1 . In general, as the number of animals present at the premise of the index case increases, producer surplus losses associated with a FMD outbreak become larger. Total producer surplus (retail, wholesale, slaughter, and farm) for the beef industry declines by $43.2 million when the index case is a single cow-calf herd. When the initial case of FMD occurs in a mediumsized feedlot, total producer surplus losses for the beef industry are $166.5 million. Total producer surplus declines by $728.5 million if FMD is introduced in five large feedlots. The 14-county southwestern Kansas regional economy is dominated by livestock production and processing. As seen in Table 2 , the overall economy generated about $12.8 billion (2004$) in total economic activity in 2004. That level of economic activity supported an estimated 92,000 jobs and was sufficient to support nearly $5 billion in all types of income associated with regional production (value-added). Manufacturing activity is, by far, the dominant economic sector, with meatpacking accounting for the majority of productive value (83% of manufacturing). Other major sectors include agriculture with about $2.6 billion worth of economic activity, combined services ($1.8 billion), government and other manufacturing (about $900 million each). Major employers include combined services, government, manufacturing, agriculture, and trade, each supporting about 11,000 to 15,000 jobs in the region.
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Results
As seen in
Attesting to the dominance of livestock production and processing in the region, the three sectors -grain farming, cattle ranching and farming, and animal slaughter, accounted for over 50 percent of the value of all regional economic activity. In addition, these combined sectors provided about a quarter of employment and total income associated with regional production.
The regional impacts of various outbreak scenarios are shown in Tables 3 and 4. Presentation of the results follows the standard information available in IMPLAN SAM models. The top one-third of the Tables show the value of productive activity (output) using a 14-sector aggregation scheme. While most sectors are highly aggregated, those assumed most impacted by a disease outbreak (grain farming, cattle ranching and farming, animal production-except cattle and poultry (i.e., swine production), meatpacking, and truck transportation) are broken out in detail. The middle third of the table shows three value-added (income) categories, and the lower third shows households by income group.
The value of the direct impacts for cattle, hogs, and meatpacking are taken directly from the partial equilibrium analysis. Estimates associated with grain farming and truck transportation were estimated based on familiarity with the region and the overall value of production in the livestock and meatpacking sectors.
The vector of direct impacts assumed to accrue to southwestern Kansas is shown for the three FMD incidence scenarios in Table 3 . In the large feedlot outbreak scenario, the output impacts to the region prior to recovery were estimated to be over $685 million with approximately 64 and 16 percent of the impacts coming from cattle ranching and farming and animal slaughtering, respectively (Table 3 ). As seen in Table 4 , the total output impacts to the rest of Kansas for the same scenario were estimated to be about an additional $260 million. In the rest of the state, cattle ranching and farming bears the largest brunt of the FMD outbreak with $110.9 million (Table 4) . Other sectors that are significantly impacted include animal slaughtering, rest of manufacturing, finance, insurance, real estate, and services.
The combined overall impact for the State of Kansas can be obtained by summing the values in Tables 3 and 4 . When considering the combined output impacts for all 105 counties in Kansas, the total estimated economic impact would reach nearly $1 billion in productive activity in the five large feedlot outbreak scenario.
SAM accounts also permit the estimation of impacts accruing to value-added (all types of income associated with production) and to households (primarily labor income).
Continuing with the five large feedlots scenario, nearly $150 million in total value-added would be lost to southwestern Kansas with an additional $76 million loss to the rest of Kansas. Residents of the region would see a direct decline of approximately $110 million in household income. As the impacts emanate throughout the rest of Kansas, the total impact to value-added reaches about $220 million and total household income declines by about $175 million.
Corresponding impacts in the other scenarios are substantially smaller, but not trivial. A FMD outbreak in a single medium-sized feedlot could result in approximately $200 million decline in total economic activity. Even a relatively small outbreak in a single cow-calf herd would tally about $35 million in lost output to Kansas.
Conclusions
Most previous research on FMD has drawn the same general conclusion; a FMD outbreak has severe economic implications. This study estimated the economic impact of a FMD outbreak in southwestern Kansas under three different disease introduction scenarios. The scenarios included introduction of FMD at a cow-calf operation, a medium-sized feedlot, and simultaneously at five large feedlots. The different scenarios were used to demonstrate how the incidence of such a disease would have widely different epidemiological and economic implications. As such, diligence in managing, having contingency plans in place, investment in disease control strategies, and for ways to deal with the disease if it were to occur are much different depending upon the nature of the disease incidence or outbreak.
If the disease was introduced in a single cow herd, with rapid detection and ability to arrest the disease quickly and restore normal cattle and meat movement in the region in a relatively short time frame, local economic damages would be modest. That is, total economic impact (production activity, value-added, and household income) on the local southwest Kansas economy would be a loss of about $35 million. However, in contrast, if the disease were introduced in five large feedlots, the total economic impact in the area would approach a $1 billion loss.
Clearly, if the disease hit several large feedlots at once, the economic loss would very substantial for the local community. This indicates that diligent animal health surveillance programs and policies and industry management strategies to ensure against FMD introduction in large feedlots is critical. Given the amount of traffic into large feedlots every day and the number of cattle coming into such facilities for finishing on a regular basis, introduction and spread of a contagious disease to other premises is not only easier, but probable. The aggressiveness and amount of resources that would be worth committing to a FMD incident if it were to occur in this region depends on the nature of the incident. If the incident occurred in large feedlots, a considerable amount of resource commitment to control the disease appears to be a prudent investment. 
